Here we describe the mathematics underlying a stage and age-structured integral projection model of seasonally forced mountain pine beetle demography. The model simulates the insect's progression through nine distinct life stages: oviposition, egg, four larval instars (L1, L2, L3, L4), the pupal, teneral adult, and adult stages. The ages within each of these stages are represented with a q , a r , a s , a t , 
, and y(a y ). As described in the materials and methods section and in Appendix S2, each stage has it's own temperature-dependent rate function which varies from one time step to the next and so the aging kernel k i,s (b − a) is indexed to show that it varies by life stage and by time step. In addition, the egg, pupa, teneral adult and adult life stages have mortality functions (m i,s ) that are step functions with 100% mortality happening at temperatures at or below -18
• C and zero percent mortality otherwise.
To obtain estimates of population densities, we perform a second integration for each integral projection model as shown in eqn 11 to obtain population densities
The stage and age structured model for the oviposition, egg and rst larval instar stages is
eggs not yet laid , (eqn A4.1a)
eggs laid by time i + 1 The equations governing the dynamics of the second through the fourth instar larval stages, are
The equations governing the dynamics of the pupal, teneral adult and adult stages, are dened by 
